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(54) THIN-FILM TRANSISTOR 



(57) Abstract: 

PURPOSE: To obtain a thin-film 
transistor, of which numerical 
aperture can be increased without 
being influenced by light, by 
forming a semiconductor layer with 
specific carrier concentration 
into a translucent film. 
CONSTITUTION: A Cr film to be a gate 
electrode 2 is attached to and 
patterned on a substrate 1 by 
sputtering, a silicon nitride film as a gate insulating layer 
3 is attached by a plasma CVD method, an oxygen content in 
the film is adjusted, and ITO film to be a semiconductor active 
layer 8 is attached by sputtering. Then, the silicon nitride 
film as a channel protective layer 5 is attached to and 
patterned on the semiconductor active layer 8 by the plasma 
CVD method, and the Cr film to be a source electrode 7 and 
drain electrode 6 is attached by sputtering and patterned by 
photolithographic. Therefore, the oxygen content in the ITO 
film is Increased, a carrier concentration is controlled to 
1018/cm3 and less to lower electrical conductivity and the 
ITO film is used as the semiconductor active layer 8 so that 
element characteristics can be improved without influence of 
light . .. 
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[Claims ] 

[Claim 1] A thin film transistor comprising a gate 
electrode, gate insulator, a source electrode, a drain 
electrode, and a semi-conductor layer, characterized in 
that an energy band gap between a conduction band and a 
valence band of said semi-conductor layer is 3 eV or more 
and said semi-conductor layer is used as the translucent 
film. 

[Claim 2] A thin film transistor comprising a gate 
electrode, gate insulator, a source electrode, a drain 
electrode, and a semi-conductor layer, characterized in 
that carrier concentration of said semi-conductor layer is 
not more than 10 ia number/cm 3 and said semi-conductor layer 
is used as the translucent film. 

[Detailed Description of the invention] 
[0001] 

[ industrial Application ] The present invention relates to 
the thin film transistor which drives a photoelectric 
transducer and a light emitting element, particularly 
relates to the thin film transistor which can improve an 
elemental property without being influenced by light, 
[0002] 

[Prior Art] The conventional thin film transistor (TFT) 



has the reverse stagger structure which carried out the 
laminating of a gate electrode, a gate Insulator, 
semi-conductor layers such as a hydrogenation amorphous 
silicon (a-Sl:H), and the source and drain electrodes on 
substrates such as glass* The TFT is used as driving 
elements such as a flat -panel display represented by the 
active matrix type liquid crystal display in the field of 
a large area device including an image sensor. 
10003] Next, the configuration of the thin film transistor 
of the conventional reverse stagger type is explained using 
Figure 5, Figure 5 is the cross-section explanatory view 
of the conventional thin film transistor. As shown in 
Figure 5, the thin film transistor (TFT) of a reverse stagger 
type has a structure which laminates in this order that on 
the substrate 20 such as a glass, the chromium (Crl) layer 
as a gate electrode 21, the silicon nitride film (SiNx) as 
a gate insulator 22, the hydrogenation amorphous silicon 
(a-Si:H) layer as a semi-conductor active layer 23, 
the silicon nitride film (SiNx) as a channel protective 
layer 24 provided so that the gate electrode 21 might be 
countered, n+ type hydrogenation amorphous silicon 
(n+a-Si;H) layer as an ohmlc contact layer 25, Chromium 
(Cr2) layer as the source electrode 26 and a drain electrode 
27, a polyimide layer as a layer Insulation layer 29 on it. 
and the protection-f rom- light layer 28 of the aluminum (Al) 
as an object for protection from light of an a-Si:H layer 
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one by one in the upper part of a wiring layer 30 or the 
channel protective layer 24on it further (refer to Japanese 
Patent Application Laid-open No. S63-9358). 
[0004] 

[Problem to be Solved by the Invention] However, in the 
above-mentioned conventional thin film transistor, since 
the amorphous silicon was used for the semi-conductor 
active layer, when light hit the semi-conductor active 
layer, there was a trouble that the property of a switching 
element deteriorated with conductivity. 
[0005] Therefore, there is a method of preparing a 
protection- from-light layer so that light may not hit a 
semi-conductor active layer, for example, the metal thin 
film was used as a protection-f rora- light layer. However, 
since a process not only increases, but it would have 
floating potential when the protection-f rom-light layer 
was prepared, the protection-f rom-light layer needed to be 
made into the grand level, and there was a trouble that 
parasitic capacitance occurred, also in such a case. 
[0006] Moreover, there is a problem that in making a thin 
film transistor into a laminated structure with an 
photoelectric transducer or a light emitting element, as 
shown in the plain explanatory view of the laminating type 
photoelectric- conversion equipment which carried out the 
laminating of the thin film transistor on the photoelectric 
transducer of Figure 6 , if it is the thing of the 
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conventional laminating type, the source electrode 26 and 
the drain electrode 27 are metal electrodes and the rate 
that TFT occupies within a unit pixel increased, and though 
it was natural, decline in a numerical aperture (rate that 
the light-receiving area of the photoelectric transducer 
in a unit pixel occupies) was caused, and there was also 
a trouble that sensibility fell. 

[0007] In view of the above-mentioned actual condition, 
the present invention is to provide the thin film transistor 
which can. increase a numerical aperture further without 
influencing by light by using the semi-conductor of the 
transparence quality of the material with a larger band gap 
than an amorphous silicon as a semi-conductor layer. . 
[0008] 

[Means for Solving the Problem] The invention according 
to claim 1 to solve the conventional problems is a thin film 
transistor comprising a gate electrode, gate insulator, a 
source electrode, a drain electrode, and a semi-conductor 
layer, characterized in that an energy band gap between a 
conduction band and a valence band of said semi-conductor 
layer is 3 eV or more and said semi-conductor layer is used 
as the translucent film. 

[0009] The invention according to claim 2 to solve the 
conventional problems is a thin film transistor comprising 
a gate electrode, gate insulator, a source electrode, a 
drain electrode, and a semi-conductor layer, characterized 
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in that carrier concentration of said serai -conductor layer 
is not more than 10 18 number/cm 9 and said semi-conductor 
layer is used as the translucent film. 
[0010] 

[Bffect] According to the invention set forth in claim 1, 
since the energy band gap of the conduction band and a 
valence band of the semi-conductor layer is 3 eV or more 
and the thin film transistor uses the translucency film as 
the semi-conductor layer, even when light penetrates, 
conductivity is able to change with difficulty. 
[0011] According to the invention set forth In claim 2, the 
carrier concentration of a semi-conductor layer is not more 
than 10 18 number/cm 3 and the semi-conductor layer is used 
as the translucency film, resistivity becomes high and even 
when light penetrates, it can consider as the thin film 
transistor from which conductivity can change with 
dificulty. 
[0012] 

[Example] It explains referring to a drawing about one 
example of this invention. Figure 1 is the cross-seotion 
explanatory view of the thin film transistor according to 
one embodiment of the present invention. In addition, this 
example (Example 1) explains the thin film transistor of 
a reverse stagger type as an example. 

[0013] As shown in Figure 1, the thin film transistor of 
Example 1 has the structure that the substrate 1 of 
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transparence insulation of glass etc. , the gate electrodes 

2 such as Cr formed on the substrate 1, the gate insulator 

3 such as silicon nitride (SiNx) formed so that the gate 
electrode 2 might be covered, the semi-conductor activate 
layers 8 such as Indium oxide/tin (ITO) formed by 
controlling oxygen concentration on the gate insulator 3 
are laminated, and on the semi-conductor active layer 8, 
the channel protective layers 5 such as silicon nitride are 
formed and the source electrode 7 and the drain electrodes 
6 such as Cr prepared so that they cover a part of channel 
protective layer 5 . 

[0014] Next, the manufacture approach of the thin film 
transistor of Example 1 is explained using Figure 1. 
First, film deposition of about 500A of the Cr(s) used as 
the gate electrode 2 is carried out by sputtering on a 
substrate 1, and patterning is carried out to a 
predetermined configuration using photolitho etching, 
[0015] Next, film deposition of about 2500A of the silicon 
nitride is carried out by the plasma-CVD method as a gate 
Insulator 3. And the oxygen concentration in the film is 
adjusted and film deposition of about 500A of the ITO film 
used as the semi-conductor active layer 8 is carried out 
by sputtering. 

[0016] It is realizable by making oxygen gas concentration 
at the time of film deposition 1% or more, and specifically 
performing sputtering. If the carrier concentration. of the 
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ITO film becomes not more than 10 18 number/cm 3 at this time, 
degeneration will be cleared and the ITO film 
(semi-conductor active layer 8) as a semi-conductor will 
be realized. 

[0017] And on the semi-conductor active layer 8, film 
deposition of about 2500A of the silicon nitride is carried 
out by the plasraa-CVD method as a channel protective layer 
5, and patterning is carried out to a predetermined 
configuration using photolitho etching. 

[0018] Furthermore, the thin film transistor of Example 
1 is produced by carrying out film deposition of about 1500A 
of the Cr(s) used as the source electrode 7 and the drain 
electrode 6 by sputtering, and carrying out patterning 
using photolitho etching. 

[0019] Generally the transparence electric conduction 
film of oxides such as ITO can change membranous 
conductivity by changing the amount of oxygen in the film. 
This is because the carrier is generated by the gap (oxygen 
deficiency) from stoichiometric composition. 
[0020] The oxygen concentration dependency in the time of 
the spatter of the electrical resistivity of the ITO (Indium 
Tin Oxide) film has the property as shown in Figure 2, and 
therefore in reactive sputtering using Ar gas and oxygen 
gas, since it is, if it is made comparatively (0 2 / Ar+0 2 ) 
to 1% or more, the electrical resistivity ( p [ Q -cm] ) in the 
ITO film can be made to increase, and it can control to fall 
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the conductivity of the ITO film. 

[0021] Moreover, since it is necessary to use the large 
semi-conductor of an energy band gap from which 
conductivity does not change as a serai -conductor active 
layer 8 even if light hits,, it is desirable for the energy 
band gap of the conduction band of a serai-conductor active 
layer and a valence band to be 3 eV or more. Although the 
energy band gap was about 1.7-1.8eV in the semi -conductor 
layer of conventional a- Si. an energy band gap is 3eV or 
more in the semi-conductor layer of the ITO film 
manufactured by this example . . 

[0022] According to the thin film transistor of Example 
1, by make the amount of oxygen in the film of the ITO film 
conventionally used as a transparent electrode increase, 
the carrier concentration in a film be control not more than 
10 18 number/ cm 3 and conductivity be reduced, there be 
effectiveness which can improve an element property without 
influencing by light by using an ITO film for the 
semi-conductor active layer 8. 

[0023] Next, when the transparence thin film transistor 
shown in the cross -section explanatory view of Figure 3 as 
another example (Example 2) is explained briefly, the 
transparence thin film transistor of Example 2 has the 
constitution similar to the thin film transistor of Example 
1, and differences are the source electrode 11 and the drain 
electrode 10, and a point that is using the ITO film for 
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the gate electrode 9 further. The ITO film in this case 
is common transparence electric conduction film. 
[0024] Next, the manufacture approach of the transparence 
thin film transistor of Example 2 is explained using Pigure 
3. In addition, since the manufacture approach of the 
transparence thin film transistor of Example 2 is similar 
to the manufacture approach of the thin film transistor of 
Example 1, and it is made to explain differences. 
[0025] First, film deposition of about 500A of the ITO film 
is carried out by sputtering on a substrate 1, and patterning 
is carried out using photolitho etching so that it may become 
the gate electrode 9 . And by the same approach as the case 
of Example 1, the laminating of the gate insulator 3 
consisting of silicon nitride, the semi-conductor active 
layer 8 consisting of the low conductive ITO film, and the 
channel protective layer 5 consisting of silicon nitride 
is carried out one by one, and patterning is carried out 
to a predetermined configuration. 

[0026] Then, film deposition of the ITO film used as the 
source electrode 11 which is a transparent electrode, and 
a drain electrode 10 is carried out to about 1500A by the 
sputtering method, patterning is carried out to a 
predetermined configuration using photolitho etching, and 
the transparence thin film transistor of Example 2 is 
produced. 

[0027] Since the source electrode 11 and the drain 
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electrode 10 are transparent electrodes according to the 
transparence thin film transistor of Example 2, if the 
transparence thin film transistor shown in Figure 3 is 
formed in an photoelectric transducer or the light emitting 
element upper part in an integrated manner, the amount of 
incident light to an photoelectric transducer is increased, 
or the amount of luminescence from a light emitting element 
is increased, and there is effectiveness which can increase 
a numerical aperture. 

[0028] Next, a transparence thin film transistor is 
explained to the photoelectric-transducer upper part using 
Figure 4 about the laminating mold 

photo-electric-conversion equipment which carried out the 
laminating in an integrated manner as Example 3. Figure 4 
is the cross- section explanatory view of laminating mold 
photo-electric-conversion equipment . 
[0029] The photoelectric- transducer part in the 
laminating type photo-electric-conversion equipment of 
Example 3 has the structure that the common electrodes 12 
such as Cr laminated on the substrate 1 of transparence 
insulation of glass etc., the photo-electric-conversion 
layers 13 such as a hydrogenation amorphous silicon 
(a-Si:H) formed on the common electrode 12, the upper 
transparent electrodes 14 such as ITO formed in the 
photo-electric-conversion layer 13 upper part are 
laminated one by one, further, in the upper transparent 
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electrode 14 upper part, the interlayer insulation films 
15 such as polyimide is formed in covering the whole, and 
the contact hole for the drain electrode 11 to connect is 
provided. 

[0030] In the transparence thin film transistor (TFT) 
parts in the laminating type photo-electric-conversion 
equipment of Example 3, the drain electrode 10 and the source 
electrode 11 whose are transparent electrodes such as ITO 
are formed in the interlayer insulation film 15 upper part 
so that the drain electrode 10 is connected to the upper 
transparent electrode 14 through the above-mentioned 
contact hole. And the ITO film used as the semi-conductor 
active layer 8 of a TFT part is formed in the drain electrode 
10 and source electrode 11 upper part, the gate insulating 
layer 3 covers the semi-conductor active layer 8, and the 
gate electrode 9 which are transparent electrodes such as 
ITO is formed in the predetermined configuration on the gate 
insulator 3. In addition, in the laminating type 
photo-electric-conversion equipment of Example 3, 
Incidence of the light is carried out from the gate electrode 
9 side of a TFT part. 

[0031] Next, the manufacture approach of the laminating 
type photo-electric-conversion equipment of Example 3 is 
explained using Figure 4. On a glass substrate 1, as a 
common electrode 12 of a photoelectric transducer, film 
deposition of about 1500A of the Cr(s) is carried out. by 
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sputtering, and patterning Is carried out using photolitho 
etching. Next, 1.3 fim film deposition of a-Si:H is carried 
out by plasma CVD as a photo-electric-conversion layer 13. 
And film deposition of about 600A of the ITO film is carried 
out by sputtering as an upper transparent electrode 14, 
patterning of the photo-electric-conversion layer 13 with 
the upper transparent electrode 14 to create a 
photoelectric-transducer part. 

[ 0032 1 And polyimlde having a predetermined configuration 
is formed as an interlayer insulation film 15, and a contact 
hole is opened by photolitho etching. And film deposition 
of about 1500A of the ITO film is carried out by sputtering, 
patterning is carried out to a predetermined configuration 
using photolitho etching, and the drain electrode 10 and 
the source electrode 11 which are a transparent electrode 
are created. 

[0033] Further, the oxygen concentration in the ITO film 

to be the semi-conductor active layer 8 is adjusted in the 

manner mentioned in Example 1, and film deposition of the 

about 500A is carried out by sputtering. 

[0034] Next, film deposition of about 2500A of the silicon 

nitride to be the gate insulator 3 is carried out by the 

plasma-CVD method. The laminating type 

photo -electric- conversion equipment of Example 3 is 

produced by carrying out film deposition of about 1500A of 

the ITO film to be the gate electrode 9 which is a transparent 
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electrode by sputtering, and carrying out patterning using 
photolitho etching . 

[0035] Since according to the laminating type 
photo-electric-conversion equipment of Example 3 the gate 
electrode 9, the source electrode 11, and the drain 
electrode 10 are replaced with the transparent electrode 
of TFT from the conventional metal electrode and the 
semi-conductor active layer 8 is also created by the low 
conductive ITO film, even if TFT is formed in the 
photoelectric- transducer upper part, the light -receiving 
field of a photoelectric transducer is not restricted and 
decrease in the aperture ratio by miniaturization of 
laminating type photo-electric-conversion equipment can be 
prevented, and it is effective in the ability to use incident 
light efficiently. 
[0036] 

[Effect of the Invention] According to the invention set 
forth in claim 1, the energy band gap of the conduction band 
and the valence band of a semi-conductor layer is 3 eV or 
more and the thin film transistor uses the semi-conductor 
layer as the transluoency film, and therefore even when 
light penetrates conductivity change with difficulty and 
an element property can be improved* 

[0037] According to invention set forth in claim 2, the 
carrier concentration of a semi-conductor layer is not more 
than 10 ie number/cm 3 and the semi-conductor layer is used 
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as the translucency film, and therefore resistivity becomes 
higher, and even when light penetrates, it can consider as 
the thin film transistor from which conductivity cannot 
change easily, and an element property can be improved - 

[Brief Description of the Drawings] 

[Figure 1] It is the cross-section explanatory view of the 
thin film transistor according to one embodiment of this 
invention « 

[Figure 2] It is drawing showing the oxygen concentration 
dependence at the time of the spatter of the resistivity 
of the ITO film. 

[Figure 3] It is the cross -section explanatory view of the 
transparence thin film transistor according to another 
embodiment ( Example 2 ) . 

[Figure 4] It is the cross-section explanatory view of the 
laminating type photo-electric-conversion equipment 
according to another embodiment (Example 3). 
[Figure 5] It is the cross-section explanatory view of the 
conventional thin film transistor. 

[Flgufe 6 ] It is the plain explanatory view of conventional 
laminating type photo-electric-conversion equipment. 
[Description of Notations] 

1, 20 - Substrate, 2, 21 -- Gate electrode, 3, 22 Gate 
insulator, 5. 24 -- Channel protective layer, 6, 2 7 -- 
Drain electrode, 7, 26 -.- Source electrode, 8 -- 
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Semi-conductor active layer (ITO), 9 Gate electrode 
(ITO), 10 Drain electrode (ITO), 11 Source 
electrode (ITO), 12 — Common electrode, 13 
Photo-electric-conversion layer, 14 Upper transparent 
electrode, 15 Interlayer insulation film, 23 ~ 
Semi-conductor active layer (a-Si), 25 Ohraic contact 
layer, 28 -- Protectionrf rom-light layer, 29 --• 
Interlayer insulation layer, 30 Wiring layer 
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[FIG.ll. [PIG.2] IFIG.3] 
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[FIG.l] [FIQ.2] IEI6.3) 
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